Histone H3 lysine 4 trimethylation needed for transcription is mediated by the Set1 methyltransferase and requires prior monoubiquitination of histone H2B. In this issue, Latham et al. (2011) report that dimethylation of the yeast kinetochore protein Dam1 by Set1 similarly requires H2B monoubiquitination. Thus, H2B ubiquitination signals for methylation beyond chromatin.
Histones are subject to a number of posttranslational modifications, most commonly methylation, acetylation, phosphorylation, and ubiquitination. Methylation of histone H3 lysine 4 (H3K4) marks actively transcribed genes and is catalyzed by the Set1 (Kmt2) methyltransferase complex (COMPASS) within a pathway conserved from yeast to humans. Di-and trimethylation of H3K4 by Set1/ COMPASS are highly regulated processes that depend on prior monoubiquitination of H2BK123 (K123ub) by the Rad6/Bre1 E2/E3 ubiquitin ligase complex ( Figure 1A ) (reviewed in Weake and Workman, 2008) . Latham et al. (2011) now show that dimethylation of Dam1 (Dam1me2) by Set1/COMPASS also requires prior H2B monoubiquitination of the centromeric nucleosome, indicating a shared regulatory pathway for both histone and nonhistone substrates of Set1/COMPASS.
In the context of H3K4 methylation, K123 ubiquitination itself is the product of a complex regulatory cascade for which RNA polymerase II (RNAPII) functions as a central recruitment platform ( Figure 1A ). K123ub requires active RNAPII transcription as shown by its dependence on the activity of Kin28, an RNAPII C-terminal domain-specific kinase that marks the transition from RNAPII initiation to elongation. Transcribing RNAPII stimulates recruitment of the PAF complex through its association with phosphorylated Spt5, an elongation factor (Liu et al., 2009; Zhou et al., 2009 ). PAF in turn associates with the Rad6/Bre1 ubiquitin ligase. Both Spt5 and Rad6 are regulated by the Bur1/Bur2 protein kinase complex, which further links PAF binding and H2B ubiquitination. K123ub is recognized by COMPASS component Swd2 (Cps35), which then recruits the other COMPASS subunits to enable H3K4 di-and trimethylation (reviewed in Weake and Workman, 2008) .
Dam1 is the only protein other than H2B known to be methylated by Set1/ COMPASS (Zhang et al., 2005) . It is part of the heterodecameric Dam1/DASH complex, which mediates the interaction of kinetochores with microtubules in Saccharomyces cerevisiae. Latham et al. (2011) show that Dam1 dimethylation depends on the presence of intact COMPASS and furthermore requires prior ubiquitination on histone H2B (K123ub) ( Figure 1B ). Analogous to H3K4 di-and trimethylation, deletion of the Rad6/Bre1 ligase or PAF complex subunits abrogates Dam1 methylation. Conversely, deletion of Ubp8, the enzyme responsible for deubiquitination of H2BK123ub at transcribed promoters, results in an increase of Dam1 dimethylation. However, unlike its role in H3K4 methylation, Kin28 activity was not essential for Dam1 methylation, leading the authors to suggest that transcription by RNAPII is not required for Dam1 methylation by Set1/ COMPASS (Latham et al., 2011) . This paper establishes the paradigm that chromatin is not always the final target of a signaling pathway and that signals can pass through chromatin to ultimately affect nonhistone targets.
The intriguing question remains how are the PAF complex and K123ub activity targeted to the centromere. Although loss of Kin28 activity did not affect Dam1 methylation, Bur1/Bur2 are able to phosphorylate both Ser5 and Ser2 in vitro (Keogh et al., 2003) , which leaves open the possibility that another kinase could phosphorylate Ser5 of the RNAPII C-terminal domain, facilitating transcription. A recent paper from the Allshire lab found RNAPII transcription from centromeres in Schizosaccharomyces pombe (Choi et al., 2011) . However, S. cerevisiae centromeres are fundamentally different in structure, and it is not clear whether a similar mechanism could apply. Other recruitment mechanisms have been proposed for Set1/COMPASS in the context of H3K4 methylation and H2BK123 ubiquitination, including association with the Ccr4/Not complex and the 19S proteasome (Laribee et al., 2007) , and these may be involved in Dam1 methylation. Thus, PAF could be recruited to the centromere through RNAPII in a Kin28-independent mechanism or through an entirely different, RNAPII-independent mechanism.
Dam1 is critical for the correct attachment of sister chromatids to opposing spindle poles (biorientation) and is regulated by phosphorylation/dephosphorylation on multiple sites mediated by Ipl1 kinase and Glc7 phosphatase, respectively (Pinsky et al., 2006) . Phosphorylation of Dam1 has been proposed to reduce its affinity for microtubules or to alter its interaction with the kinetochore Ndc80 complex, thereby allowing for dissociation of faulty kinetochore-microtubule attachments. Inversely, correct biorientation of sister chromatids results in increased kinetochore tension that has been linked to decreased Dam1 phosphorylation levels, possibly as a consequence of increasing the physical distance between the inner centromere protein Ipl1 and its kinetochore substrates (reviewed in Lampson and Cheeseman, 2011) . Dam1 peptides dimethylated on Lys233 could not be phosphorylated on Ser235 by Ipl1 in vitro, suggesting the existence of a phospho-methyl switch (Zhang et al., 2005) , although the effect of Dam1me2 on other Dam1 phosphorylation sites is not known. Latham and colleagues (2011) establish that Dam1 dimethylation occurs in the context of functional kinetochores, as deletion of either the centromeric DNAbinding protein Ndc10 or the structural kinetochore protein Ndc80 results in ablation of Dam1me2. Although the direct effects of Dam1 dimethylation on kinetochore structure and function are not known, it is tempting to speculate that dimethylation may stabilize the interaction of kinetochores with microtubules upon proper biorientation of sister chromatids by preventing rephosphorylation of Dam1 by Ipl1.
As Dam1 methylation and phosphorylation seem to have antagonistic effects and are thus presumably required at different stages of the cell cycle, it is not clear at this stage how Dam1 methylation might be reversed. Given that Set1/COMPASS dimethylation of Dam1 and H3K4 exhibit many similarities, do these also stretch to removal of the methyl mark by the Jhd2 demethylase?
Furthermore, does COMPASS methylate any other, as yet unknown proteins? Are Rad6/Bre1 and the PAF complex generally required for all COMPASS activity, and do they thus constitute a ''minimal'' pathway? These are exciting questions that will expand our understanding of signaling between histones and other chromosomal proteins. Methylation of histone H3K4 (A) and Dam1 (B) both require the presence of the PAF complex for the interaction of Rad6/Bre1 ubiquitin ligase and Set1/ COMPASS. However, H3K4 di-and trimethylation require active transcription by RNA polymerase II modulated by Kin28. Association of PAF with RNAPII is stimulated by the phosphorylated form of the Spt5 elongation factor. Spt5 itself is phosphorylated by the Bur1/Bur2 protein kinase complex, which also phosphorylates Rad6 on Ser120. On the other hand, it is unclear how PAF and Rad6/Bre1 localize to the centromere. However, in either case K123ub is recognized by Swd2 (Cps35) and subsequently recruits the other COMPASS subunits, thus allowing for the establishment of H3K4 di-and trimethylation and Dam1 dimethylation, respectively.
